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Arlington, VA 22202 
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Date of mailing (day/month/yea r) 

08 December 2000 (08.12.00) 


International application No. 
PCT/GB00/01702 


Applicant's or agent's file reference 
PPD 50368/WO 


International filing date (day/month/year) 
04 May 2000 (04.05.00) 


Priority date (day/month/year) 

07 May 1999 (07.05.99) 


Applicant 

SUNER, Marie-Marthe et al — 



1 . The designated Office is hereby notified of its election made: 

[>(] in the demand filed with the International Preliminary Examining Authority 

1 0 October 2000(10.10.00) 



| [ in a notice effecting later election filed with the International Bureau on: 



2. The election 



□ 



was not 



made before the expiration 
Rule 32.2(b). 



of 19 months from the priority date or, where Rule 32 applies, within the time limit under 



The International Bureau of WIPO 
34. chemin des Colombettes 
1211 Geneva 20, Switzerland 



Facsimile No.: (41-22) 740.14.35 



Authorized officer 

Olivia TEFY 

Telephone No.: (41-22)338.83.38 
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Administrative Instructions, Section 422) 


To: 

HUSKISSON, Frank, Mackie 
Syngenta Limited 
Intellectual Property Dept. 
Jealott's Hill Research Station 
P.O. Box 3538 

Bracknell, Berkshire RG42 6YA 
ROYAUME-UNl 


Date of mailing (day/month/year) 
24 April 2001 (24.04.01) 


Applicant's or agent* s file reference 

rrU JUOOOf v»v 


IMPORTANT NOTIFICATION 


International application No. 
PCT/GB00/01702 


International filing date (day/month/year) 

04 May 2000 (04.05.00) 


1. The following indications appeared on record concerning: 
[X] the applicant Q the inventor Q the agent Q the commo 


t representative 


Name and Address 

ZENECA LIMITED 
15 Stanhope Gate 
London W1Y6LN 
United Kingdom 


State of Nationality 
GB 


State of Residence 
GB 


Telephone No. 


Facsimile No. 


Teleprinter No. 


2. The International Bureau hereby notifies the applicant that the following change has been recorded c 
f~| the person [x] the name [x] the address Q the nationality [ 


oncerning: 

| the residence 


Name and Address 

SYNGENTA LIMITED 
Fernhurst 
Haselmere 
Surrey GU27 3JE 
United Kingdom 


State of Nationality 
GB 


State of Residence ^| 

GB 


Telephone No. 


Facsimile No. 


Teleprinter No. 


3. Further observations, if necessary: k-,c- 

This is only a change of name and address. No transfer of patent or other rights has 
occurred. Agent's address has also been changed accordingly. 


4. A copy of this notification has been sent to: 
\X\ the receiving Office □ the designated Offices concerned 
Q the International Searching Authority [><] the elected Offices concerned 
|~X] the International Preliminary Examining Authority |~| other: 


The International Bureau of W1PO 
34. chemin des Colombettes 
1211 Geneva 20, Switzerland 

Facsimile No.: (41-22) 740.14.35 


Authorized officer 

Maria Victoria CORTIELLO 

Telephone No.: (41-22) 338.83.38 
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Intellectual Property Dept. 
Jealott's Hill Research Station 
P.O. Box 3538 

Bracknell, Berkshire RG42 6YA 
ROYAUME-UNI 


Date of mailing (day/month/year) 
04 juiliet 2001 (04.07.01) 


Applicant's or agenfs file reference 
PPD 50368/WO 


IMPORTANT NOTIFICATION 


International application No. 

PCT/G B00/01 702 


International filing date (day/month/year) 
04 mai 2000 (04.05.00) 


1. The following indications appeared on record concerning: 
[~X| the applicant [~] the inventor Q the agent f~] the common representative 


Name and Address 

ZENECA LIMITED 
15 Stanhope Gate 
London W1Y6LN 
United Kingdom 


GB 


State of Residence j 
GB 


Telephone No. 


Facsimile No. 


Teleprinter No. 


2. The International Bureau hereby notifies the applicant that the following change has been recorded concerning: 
Q the person X the name fx] the address [~[ the nationality | | the residence 


Name and Address 

SYNGENTA LIMITED 
Fernhurst 
Haslemere 
Surrey GU27 3JE 
United Kingdom 


State of Nationality 
GB 


State of Residence 
GB 


Telephone No. 


Facsimile No. 


Teleprinter No. 


3. Further observations, if necessary: 
UPDATED VERSION 


4. A copy of this notification has been sent to: 
[X] the receiving Office Q the designated Offices concerned 
| | the International Searching Authority [x] the elected Offices concerned 
|~X] the International Preliminary Examining Authority Q other: ! 


The International Bureau of W1PO 
34, chemin des Colombettes 
1211 Geneva 20, Switzerland 

Facsimile No.: (41-22) 740.14.35 


Authorized officer 

Maria Victoria CORTIELLO 

Telephone No.: (41-22)338.83.38 
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INTERNATIONAL SEARCH REPORT 

(PCT Article 18 and Rules 43 and 44) 



Applicant's or agent's file reference 

PPD 50368/WO 


FOR FURTHER see Notification of Transmittal of International Search Report 
ACTION (Form PCT/ISA/220) as well as, where applicable, item 5 below. 


International application No. 


International filing date (day/month/year) 


(Earliest) Priority Date (day/month/year) 


PCT/GB 00/01702 


04/05/2000 


07/05/1999 


Applicant 






ZENECA LIMITED 







This International Search Report has been prepared by this International Searching Authority and is transmitted to the applicant 
according to Article 18. A copy is being transmitted to the International Bureau. 

This International Search Report consists of a total of _ 



PH It is also accompanied by a copy of each prior art document cited in this report. 



1 . Basis of the report 

a. With regard to the language, the international search was carried out on the basis of the international application in the 
language in which it was filed, unless otherwise indicated under this item. 

I I the international search was carried out on the basis of a translation of the international application furnished to this 
Authority (Rule 23. 1 (b)). 

b. With regard to any nucleotide and/or amino acid sequence disclosed in the international application, the international search 
was carried out on the basis of the sequence listing : 

PH contained in the international application in written form. 

PH Med together with the international application in computer readable form. 

I I furnished subsequently to this Authority in written form. 

I I furnished subsequently to this Authority in computer readble form 

□ 

the statement that the subsequently furnished written sequence listing does not go beyond the disclosure in the 
international application as filed has been furnished. 

Q the statement that the information recorded in computer readable form is identical to the written sequence listing has been 
furnished M 



2. 



| | Certain claims were found unsearchable (See Box I). 



3 LH Unit y of invention is lacking (see Box II). 

4. With regard to the title, 

I | the text is approved as submitted by the applicant. 

PH the text has been established by this Authority to read as follows: 

UNDIFFERENTIATED ERYTHR0ID CELLS AND THEIR USE IN LIGAND BINDING ASSAYS 



With regard to the abstract, 

PH the text is approved as submitted by the applicant. 

| | the text nas been established, according to Rule 38.2(b), by this Authority as it appears in Box III. The applicant may 
within one month from the date of mailing of this international search report, submit comments to this Authority. 

The figure of the drawings to be published with the abstract is Figure No 

□ 

as suggested by the applicant. [ ] None of the figures. 

I | because the applicant failed to suggest a figure. 
I I because this figure better characterizes the invention. 
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INTERN 
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Intern^^^p Application No 

PCT/GB 00/01702 



A. CLASSIFICATION OF SUBJECT MATTER 

IPC 7 C12N5/16 G01N33/50 



C12N15/63 



According to International Patent Classification (IPC) or to both national classification and IPC 



B. FIELDS SEARCHED 



Minimum documentation searched (classification system followed by classification symbols) 

IPC 7 C12N G01N 



Documentation searched other than minimum documentation to the extent that such documents are included in the fields searched 



Electronic data base consulted during the international search (name of data base and, where practical, search terms used) 

EPO-Internal , WPI Data, PAJ, BIOSIS 



C. DOCUMENTS CONSIDERED TO BE RELEVANT 



Category c 



Citation of document, with indication, where appropnate, of the relevant passages 



Relevant to claim No 



Garcia-Alonso M. et al . : " STABLE 

FUNCTIONAL EXPRESSION OF THE NEURONAL 

NICOTINIC ACETYLCHOLINE RECEPTOR 

alpha3beta4 IN MEL (MURINE 

ERYTHROLEUKEMIA) CELLS: A NOVEL EXPRESSION 

SYSTEM FOR LIGAND GATED ION CHANNELS" 

SOCIETY FOR NEUROSCIENCE ABSTRACTS 

vol . 22,1996, page 1526 

XP000961688 

the whole document 

GB 2 251 622 A (ICI PLC) 
15 July 1992 (1992-07-15) 
cited in the application 
figures 13,14 



1-8,19, 
22-26 



5,7, 
18-26 



Further documents are listed in the continuation of box C 



ID 



Patent family members are listed in annex. 



° Special categories of cited documents : 

"A* document defining the general state of the art which is not 

considered to be of particular relevance 
"E" earlier document but published on or after the international 

filing date 

"L" document which may throw doubts on priority claim(s) or 
which is cited to establish the publication date of another 
citation or other special reason (as specified) 

'O* document referring to an oral disclosure, use. exhibition or 
other means 

"P" document published prior to the international filing date but 
later than the priority date claimed 



"T" later document published after the international filing date 
or priority date and not in conflict with the application but 
cited to understand the principle or theory underlying the 
invention 

"X" document of particular relevance; the claimed invention 
cannot be considered novel or cannot be considered to 
involve an inventive step when the document is taken alone 

*Y" document of particular relevance: the claimed invention 

cannot be considered to involve an inventive step when the 
document is combined with one or more other such docu- 
ments, such combination being obvious to a person skilled 
in the art 

*&• document member of the same patent family 



Date of the actual completion of the international search 



13 November 2000 



Date ot mailing of the international search report 



24/11/2000 



Name and mailing address ot the ISA 

European Patent Office, P.B 5818 Patentlaan 2 
NL - 2280 HV Rijswijk 

Tel. (+31-70) 340-2040. Tx 31 651 epo nl. 
Fax: (+31-70) 340 3016 



Authorized officer 



Schonwasser, D 
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Application No 

00/01702 



Category " Citation of document, with indication, where appropriate, of the relevant passages 



Relevant to claim No. 



NEEDHAM M ET AL: "LCR/MEL: A VERSATILE 
SYSTEM FOR HIGH-LEVEL EXPRESSION OF 
HETEROLOGOUS PROTEINS IN ERYTHROID CELLS" 
NUCLEIC ACIDS RESEARCH, 
vol . 20, no. 5, 

11 March 1992 (1992-03-11), pages 

997-1003, XP000602190 

ISSN: 0305-1048 

cited in the application 

the whole document 

WO 98 35020 A (PRESIDENTS AND FELLOWS OF 
HARV) 13 August 1998 (1998-08-13) 
figure 1; example 1 

MIGLIACCIO A.R. ET AL. : "Molecular 
control of erythroid differentiation" 
INTERNATIONAL JOURNAL OF HEMATOLOGY, 
vol. 64, 1996, pages 1-29, XP000926042 
the whole document 

VANDEN BROECK J. ET AL. : 

"Characterization of a cloned locust 

tyramine receptor cDNA by functional 

expression in permanently transformed 

Drosophila S2 cells." 

JOURNAL OF NEUROCHEMISTRY, 

vol. 64, no. 6, June 1995 (1995-06), pages 

2387-2395, XP000926045 

cited in the application 

the whole document 
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date 
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Publication 
date 
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AT 


196653 
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15-10-2000 




AU 


660636 
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06-07-1995 




AU 


9096891 
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22-07-1992 




CA 


2058280 
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22-06-1992 




CS 


9202671 
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16-12-1992 




DE 
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02-11-2000 




EP 
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09-12-1992 




FI 


923758 
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20-08-1992 




WO 


9211380 
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09-07-1992 




HU 


66062 


A 


28-09-1994 




JP 


5504261 
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08-07-1993 




NO 


923271 


A 


16-10-1992 




NZ 


241045 


A 


25-11-1994 




PL 
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A 


12-07-1993 
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5538885 
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A 
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Intellectual Property Department 
Jealott's Hill International 
Research Centre 
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PAGES 



(P 



Date of mailing 



PCT 



k AUG N M)f ICAT,OSJ OF TRANSMITTAL OF 
a wuu T ^| NTr£RNAT |ONAL PRELIMINARY 



EXAMI MATION REPORT 
~ 3 ^T Rule 71.1) 



( day/month/year) 



13.08.2001 



Applicant's or agent's file reference 
PPD 50368AA/O 


IMPORTANT NOTIFICATION 


International application No. 
PCT/GB00/01702 


International filing date (day/month/year) 
04/05/2000 


Priority date (day/month/year) 
07/05/1 999 


Applicant 

SYNGENTA LIMITED et al. 



1. The applicant is hereby notified that this International Preliminary Examining Authority transmits herewith the 
international preliminary examination report and its annexes, if any, established on the international application. 

2. A copy of the report and its annexes, if any, is being transmitted to the International Bureau for communication 
to all the elected Offices. 

3. Where required by any of the elected Offices, the International Bureau will prepare an English translation of the 
report (but not of any annexes) and will transmit such translation to those Offices. 

4. REMINDER 

The applicant must enter the national phase before each elected Office by performing certain acts (filing 
translations and paying national fees) within 30 months from the priority date (or later in some Offices) (Article 
39(1)) (see also the reminder sent by the International Bureau with Form PCT/IB/301). 

Where a translation of the international application must be furnished to an elected Office, that translation must 
contain a translation of any annexes to the international preliminary examination report. It is the applicant's 
responsibility to prepare and furnish such translation directly to each elected Office concerned. 

For further details on the applicable time limits and requirements of the elected Offices, see Volume II of the 
PCT Applicant's Guide. 



Name and mailing address of the Iff- A/ 

f- uropenn i'atent Office 

J™*- Munich 
Tol 8') ; J 3')H 0 I x: <>?3(V»C eprnu d 



Authori/od officer 

Neumann, M 
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INTERNATIONAL PRELIMINARY EXAMINATION REPORT 

(PCT Article 36 and Rule 70) 



Applicant's or agent's file reference 


See Notification of Transmittal of International 


PPD 50368/WO 


FOR FURTHER ACTION Preliminary Examination Report (Form PCT/IPEA/416) 


International application No. 


International filing date (day/month/year) 


Priority date (day/month/year) 


PCT/G BOO/0 1702 


04/05/2000 


07/05/1 999 


International Patent Classification (IPC) or national classification and IPC 




C12N5/16 






Applicant 






SYNGENTA LIMITED et al. 







1. This international preliminary examination report has been prepared by this International Preliminary Examining Authority 
and is transmitted to the applicant according to Article 36. 



2. This REPORT consists of a total of 6 sheets, including this cover sheet. 

□ This report is also accompanied by ANNEXES, i.e. sheets of the description, claims and/or drawings which have 
been amended and are the basis for this report and/or sheets containing rectifications made before this Authority 
(see Rule 70.16 and Section 607 of the Administrative Instructions under the PCT). 

These annexes consist of a total of sheets. 



3. This report contains indications relating to the following items: 

I R Basis of the report 

II □ Priority 

III □ Non-establishment of opinion with regard to novelty, inventive step and industrial applicability 

IV I 1 Lack of unity of invention 

V M Reasoned statement under Article 35(2) with regard to novelty, inventive step or industrial applicability; 

citations and explanations suporting such statement 

VI E ] Certain documents cited 

VII [ J Certain defects in the international application 

VIII t'l Certain observations on the international application 



Date of submission of the demand 
10/10/2000 


Date of completion of this report 

13.08.2001 




Name and mailing address of the international 




Authorized officer 




preliminary examining authority: 








x E:uropoan Patent Office 
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JS) [) 80293 Munich 




Ury. A 




^y' |, ; | f-in 89 2399 - 0 Tx 593096 opmu d 






Fax +49 89 2399 ■ 44r,'> 




Wnphona No .19 89 28a9 84 1 1 





I orm PCT lfn.A/409 (cover sheet) (January 1994) 



INTERNATIONAL PRELIMINARY 

EXAMINATION REPORT International application No. PCT/G BOO/01 702 



I. Basis of the report 

1 . With regard to the elements of the international application (Replacement sheets which have been furnished to 
the receiving Office in response to an invitation under Article 14 are referred to in this report as "originally filed" 
and are not annexed to this report since they do not contain amendments (Rules 70. 16 and 70. 1 7)): 
Description, pages: 

1 -25 as originally filed 

Claims, No.: 

1-29 as originally filed 

Drawings, sheets: 

1/10-10/10 as originally filed 



2. With regard to the language, all the elements marked above were available or furnished to this Authority in the 
language in which the international application was filed, unless otherwise indicated under this item. 

These elements were available or furnished to this Authority in the following language: , which is: 

□ the language of a translation furnished for the purposes of the international search (under Rule 23.1 (b)). 

□ the language of publication of the international application (under Rule 48.3(b)). 

□ the language of a translation furnished for the purposes of international preliminary examination (under Rule 
55.2 and/or 55.3). 

3. With regard to any nucleotide and/or amino acid sequence disclosed in the international application, the 
international preliminary examination was carried out on the basis of the sequence listing: 

□ contained in the international application in written form. 

□ filed together with the international application in computer readable form. 

□ furnished subsequently to this Authority in written form. 

□ furnished subsequently to this Authority in computer readable form. 

□ The statement that the subsequently furnished written sequence listing does not go beyond the disclosure in 
the international application as filed has been furnished. 

□ The statement that the information recorded in computer readable form is identical to the written sequence 
listing has been furnished. 

4. The amendments have resulted in the cancellation of: 

□ the description, pages: 

□ the claims, Nos.: 



F orm PCr-IPFA/-H)fl (Hnxos l-VHI, Slio<;t 1) {.July V.MH) 




INTERNATIONAL PRELIMINARY 

EXAMINATION REPORT International application No. PCT/GB00/01 702 



□ the drawings, sheets: 

5. □ This report has been established as if (some of) the amendments had not been made, since they have been 

considered to go beyond the disclosure as filed (Rule 70.2(c)): 

(Any replacement sheet containing such amendments must be referred to under item 1 and annexed to this 
report.) 

6. Additional observations, if necessary: 



V. Reasoned statement under Article 35(2) with regard to novelty, inventive step or industrial applicability; 
citations and explanations supporting such statement 

1. Statement 



Novelty (N) 


Yes: 


Claims 


1-4, 6, 8-17, 22-29 




No: 


Claims 


5, 7, 18-21 


Inventive step (IS) 


Yes: 


Claims 


1-4, 8-17 




No: 


Claims 


5-7, 18-29 


Industrial applicability (IA) 


Yes: 


Claims 


1-29 




No: 


Claims 





2. Citations and explanations 
see separate sheet 

VIII. Certain observations on the international application 

The following observations on the clarity of the claims, description, and drawings or on the question whether the 
claims are fully supported by the description, are made: 
see separate sheet 
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Item V. 

Reference is made to the following documents: 

D1 : Garcia-Alonso M. et al.:' STABLE FUNCTIONAL EXPRESSION OF THE 
NEURONAL NICOTINIC ACETYLCHOLINE RECEPTOR alpha3beta4 IN 
MEL (MURINE ERYTHROLEUKEMIA) CELLS: A NOVEL EXPRESSION 
SYSTEM FOR LIGAND GATED ION CHANNELS' SOCIETY FOR 
NEUROSCIENCE ABSTRACTS vol. 22,1996, page 1526 XP000961688 
D2: GB-A-2 251 622 (ICI PLC) 15 July 1992 (1992-07-15) cited in the application 
D3: NEEDHAM M ET AL: 'LCR/MEL: A VERSATILE SYSTEM FOR HIGH- 
LEVEL EXPRESSION OF HETEROLOGOUS PROTEINS IN ERYTHROID 
CELLS' NUCLEIC ACIDS RESEARCH, vol. 20, no. 5, 11 March 1992 (1992- 
03-11), pages 997-1003, XP000602190 ISSN: 0305-1048 cited in the 
application 

I) Document D1 discloses an erythroid cell (MEL cell) containing and expressing a 
heterologous protein (the neuronal nicotinic acetylcholine receptor alpha3B4) 
under the control of a globin promoter and the LCR (MEL/LCR system). Said MEL 
cells were induced to differentiate with DMSO. 

D1 further discloses that said MELVLCR system affords advantages for the 
detection of functional activity of receptors and ion channels. 

In other words, D1 discloses or at least suggests the method according to present 
claims 18-21 (Article 33.2 and 3 PCT). 

II) The difference between the vectors disclosed in D3 (page 998) and the vector 
according to present claims 22-25 is that the latest comprises a sequence which 
encodes a non-mammalian protein receptor. 

The difference between the vector disclosed in D1 (second part of the document) 
and the vector according to present claims 22-25 is that the latest comprises a 
sequence which encodes a protein receptor which is non-mammalian. 
In view of the advantages of the MEL/LCR system for reproducible, high-level 
expression and stable expression of heterologous proteins of interest (see D1 and 
D3), the skilled person would have used said system for the production of e.g. 
non-mammalian protein receptor. The substitution of the proteins according to D1 
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and D3 with a non-mammalian protein receptor in the MEL/LCR system merely 
consists in an obvious alternative which does not involve an inventive step. 
Therefore, the vector (intermediate product) according to claims 22-25 does not 
fulfil the requirements of Article 33.3 PCT. 

The undifferentiated erythroid cell according to claim 26 is an intermediate cell 
obtained in the MEL/LCR system before induction of differenciation has started. 
Said cell is also not inventive since it is compulsorily obtained in the procedure. 

III) The undifferentiated erythroid cell according to claim 5 is an intermediate cell 
obtained in the MELVLCR system disclosed in D1 and D3 before induction of 
differenciation has started. Thus, claim 5 lacks novelty (Article 33.2 PCT). 
The method according to claim 7 is also disclosed in D3 (pages 998-999). 

Dependent claims 6, 27-29 do not seem to contain any feature which, in 
combination with the features of the claims to which they refer, meet the require- 
ments of the PCT in respect of inventive step. 

IV) D2, figs. 13 and 14 (see Nl = non-induced) also destroy the novelty of present 
claims 5 and 6. 

V) In the conventional MEL/LCR system, induction of differentiation frequently leads 
to the loss of functionality of the signalling cascades linked to G-protein coupled 
receptors. Thus recombinant MEL cell cannot be used in functional assays with G- 
protein coupled receptors. The present invention is based on the fact that 
undifferentiated erythroid cells (MEL cells for instance) can be used in functional 
assays with G-protein coupled receptors (Ca++, IP3, orcAMP assays) since the 
signalling cascades linked to G-protein coupled receptors are still functional. This 
was neither disclosed nor suggested in the cited prior art. 

Thus, it would seem that the subject-matter of claims 1-4 and 8-17 fulfil the 
requirements of Article 33.2 and 3 PCT. 
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Item VIM. 

1) It is clear from the description that the "heterologous protein" (claim 1) and the 
"receptor protein" (claim 8) should be defined as being a "G-protein coupled 
receptor". This feature is essential to the definition of the invention. 

Since independent claims 1 and 8 do not contain this feature they do not meet the 
requirement following from Article 6 PCT taken in combination with Rule 6.3(a) 
PCT that any independent claim must contain all the technical features essential 
to the definition of the invention. 

2) The term "substantially" used in claims 1, 5 is vague and unclear and leaves the 
reader in doubt as to the meaning of the technical features to which it refers, 
thereby rendering the definition of the subject-matter of said claims unclear (Ar- 
ticle 6 PCT). 

3) The expressions "thereof" (claims 1 , 5) and "a cell as defined above " (claim 8) are 
unclear (Article 6 PCT). 
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CELLS AND ASSAYS 



The present invention relates to cells and particularly erythroid cells, to methods of 
producing them and their use in assays, as well as to vectors useful in the methods. 

In animal cell expression, the ideal has always been to have a system capable of 
reproducible, high level, stable expression of the proteins of interest. The LCR/MEL 
expression system (Locus Control Region/Murine Erythroieukemia cells) complies with this 
demand as previously demonstrated by Amar et ai, (1995) J. Recept. Signal Tr. R. 15 71-79; 
Egerton etai, (1995) J. Mol. Endocrinol. 14 179-189; Needham et ai, (1992) Nucleic Acids 
Res. 20 997-1003, Needham et aL % (1995) Protein Expres. Purif. 6 124-131; Newton et ai., 
(1994) Protein Expres. Purif. 5 449-457 and Shelton et al. y (1993) Receptor. Channel. 1 25- 
37. 

MEL cells are erythroid progenitor, robust, semi-adherent cells with a doubling time 
of only 10 to 16 hours, which are derived from spleens of susceptible mice infected with the 
Friend Virus Complex (Friend C (1957) J. Exp. Med. 105 307-318). They are continuously 
dividing cells, arrested at the proerythroblast stage. Changes similar to normal red blood cell 
maturation can be induced with a variety of chemical agents, including polar-planar 
compounds like dimethyl sulfoxide (DMSO). This terminal differentiation causes an 
increase of globin gene expression which can result in a and p globin comprising up to 25 % 
of the total cell protein. The globin LCR enhancer is responsible for high levels of erythroid 
cell specific expression of globin proteins. 

The human globin LCR has been utilised in the LCR/MEL system, alongside a 
human P-globin promoter in as, to drive integration site position independent expression of 
cDNA and genomic sequences (Needham et ai, 1995 supra.). The globin LCR confers 
integration site independent expression on stably transfected genes which are linked in cis 
(Blom von Assendelft et al. (1989) Cell 56 969-977; Talbot et al. (1989) Nature 338 352- 
355). The human P-globin promoter and pans of the p-globin gene provide mRNA 
processing and maturation signals, give stability to the final mRNA and confer high 
expression levels in induced ceils (Needham et al, 1992 supra). 

The LCR/MEL system has already been used to express a variety of proteins. Stable 
expression of electrophysiological^ functional mammalian homo- and hetero-multimeric ion 
channel proteins has been obtained in MEL cells (Amar et ai, 1995 supra.; Shelton et ai.. 



WO 00/68362 



PCT/GB0O/0I702 



1 993 supra, and Monica Garcia- Alonso ( 1 997) "Evaluation of the potential of Murine 
Erythroleukemiu (MEL) cells as an expression system for nicotinic acetylcholine receptors" 
(Ph.D. thests Reading University UK)). The LCR/MEL system is capable of produc.ng 
functional secreted prote.ns (Needham et a/., 1992 supra.; Newton « a!.. 1994 supra.). It has 
also been shown to produce very high levels of mammalian G-protein coupled receptors 
(sometimes known as seven-transmembrane helix receptors or 7TMR) as a source for ligand 
binding experiments (Egerton et ai, 1995 supra.; Needham et al., 1995 supra.). 

UK Patent No. 2251622 describes and claims expressions systems, including those 
based upon MEL cells, for the expression of heterologous polypeptides, in particular human 
proteins such as human growth hormone. 

All of the previous examples of expression from MEL cells were of proteins of 
mammalian origin. High level expression of the genes was only seen after the recombinant 
MEL cell differentiation had been induced, although some background expression of a 
heterologous reporter gene (CAT) under the influence of an a-globin promoter in uninduced 
MEL cells has been described (Pondel et al. t Nucl. Acids Res. 20, 2, 237-243) 

There are several approaches to achieve stable, heterologous expression of G protein- 
coupled receptors in animal cells (Vanden Broeck, 1996, Int. Rev. Cytol. 164, 189-268). The 
majority of examples have come from mammalian systems. In conventional mammalian 
cloning systems, it can prove to be labour intensive to produce stable recombinant cell lines 
reliably expressing large amounts of receptor as well as to produce large numbers of 
recombinant cells. 

The LCR/MEL cell expression system resolves these problems, as it is capable of 
reproducible, high level, stable expression of receptors as well as being a robust semi- 
adherent cell line (Needham et aL, 1992). However, with the conventional LCR/MEL 
system, heterologous protein expression only occurs at high levels after induction of 
differentiation of the cells into mature red blood cells. Unfortunately, this differentiation 
frequently leads to the loss of functionality of the signalling cascades usually linked to G 
protein-coupled receptors. This means that the existing LCR/MEL system is .deal for ligand 
binding assays on recombinant MEL cells, but cannot be used in functional assays (Ca : *, IP3 
or cAMP assays). As a consequence, functional assays with G-protein coupled receptors 
have to be performed in other systems. 
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According to the present invention there is provided the use of an erythroid cell 
which is substantially undifferentiated but which is capable of expressing a heterologous 
protein under the control of a globin promoter thereof, in an assay in which said protein 
interacts with an endogenous signalling cascade of said ceil and said interaction is detected. 

Such assays are functional assays. Ligand binding assays may also be effected if the 
cells are induced prior to assay. 

Suitable erythroid cells are murine erythroleukaemia (MEL) cells, rat 
erythroleukaemia ceils (REL) and human erythroleukaemia cells (HEL), but are preferably 
murine erythroleukaemia cells. 

Particular giobin promoters which control expression of proteins in the cells of the 
invention are the 3-giobin promoters, such as human 0-gIobin promoters. 

In a further aspect, the invention provides an erythoid cell which is substantially 
undifferentiated but which is capable of expressing proteins under the control of a globin 
promoter thereof at levels which allow use as described above. 

Cells in accordance with the invention can be obtained by culture of uninduced 
erythroid cells for a sufficient period of time, usually over a period of a few months, until 
they become "leaky" in the sense that protein under the control of globin promoters are 
expressed. 

Leakiness in cells can be detected by routine methods. For example, the cells can be 
screened for mRNA levels using for example Northern blotting techniques. Detection of 
protein mRNA, for example P-globin mRNA would be sufficient to indicate that the cells 
were in the correct stage. 

Alternatively, the cells can be transformed with a reporter or marker gene which is 
placed under the control of a globin promoter, preferably a P-globin promoter, and detecting 
expression of the marker gene in uninduced cells. Suitable reporter or marker genes for use 
in this process are well known in the art and include for instance the p-galactosidase gene (p- 
Gal). 

In a further alternative, it may be possible to determine that the cells are in the correct 
state because they are beginning to change colour, by taking on a pinkish hue, indicating that 
a progression to red differentiated erythroid cells has begun. This may be detected either 
spectrometncally or by eye. 
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A yet further alternative is to detect expressed proteins themselves, for example usins 
a conventional antibody type assay which may be either a direct or competitive assay. 
Examples of suitable proteins which may be detected include globins. Means of carrying 
out such assays are well known in the literature and include the use of labelled antibodies, for 
example radiolabeled or fluorescent antibodies, as well as enzyme-linked immunoassays 
(ELISAs). 

A particular type of celJ which can form cells of the invention are subclones of the 
MEL C-88 cell line, an example of which was deposited at the European Collection of Cell 
Cultures under the Accession number 99012801, deposited on 28 January 1999. This clone 
has been designated "MEL-C88L". 

Cell lines of this type can be used in functional assays as illustrated hereinafter, since the 
cells retain nucleii which are lost or otherwise functionally silenced on terminal erythroid 
differentiation. Thus use can be made of the signalling pathways in the cell, such as those 
in which G-proteins are involved, where for example, globin promoters can drive the 
expression of heterologous proteins which normally functionally interact with a G-protein, in 
particular G-protein coupled receptor molecules (GPCR). These receptor molecules may be 
of mammalian or non-mammalian origin and in particular are insect receptors such as the 
Locusta migratoria tyrarrune receptor (TyrLoc), or other receptors such as dopamine, 
octopamine, serotonin, or acetylcholine receptors such as muscarinic acetylcholine receptors. 

In a further aspect, the invention provides a method for determining the interaction 
between a receptor protein and a potential agonist or antagonist therefor, said method 
comprising incubating a cell as defined above which has been transformed so that it 
expresses said receptor protein as a G-protein coupled receptor, 
either (I) in (a) the presence and (b) the absence of said potential agonist; and/or 
(II) in the presence of a known agonist and (a) the presence or (b) the absence of said 
potential antagonist; and measuring and comparing G-protcin induced signals in cells of (la) 
and (lb) and/or (Ha) and (lib). 

The G-protein coupled receptor signal is induced in the presence of ligands for that 
receptor. In such a case, the G-protein coupled receptor which is expressed in MEL C8SL 
cells, interacts with the G-protein and triggers a signalling cascade which may either increase 
or decrease the concentrations of various detectable components within the cell. 
Mechanisms by which these signalling cascades may operate are illustrated in the literature. 
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for example, S. Klostermann et ai.. Perspectives in Neurobiology, ( 1996) 4, 237-252 and 
M.A.D. Fazia, FEBS Letters 410 (1997) 22-24. 

The levels of these signals may be indicative of agonist or antagonist activity. Th.s is 
particularly applicable if other possible target sites in the signalling cascade on which the 
compound may act have been eliminated, for example by carrying out specific assays for the 
other possible target sues, carrying out assays on untransformed cells, and/or using 
electrophysiological assays or studies on receptors or receptor preparations. Whether these 
changes are the result of the presence of the specific candtdate agonist or antagomst can then 
be established by observing the difference between the signals generated by the cell line 
expressing the receptor protein of interest and the untransformed progenitor cell line i.e. cell 
lines differing only in the presence/absence of the target receptor. Where an elevated or 
he.ghtened G-protein coupled receptor induced s,gnal results in an elevat.on of the amounts 
of a particular downstream component in the signalling cascade, the signal generated by (la) 
will be greater than that generated by (lb) if the potential agonist is effective. Under similar 
circumstances, the signal from step Ila above will be lower than that obtained in lib if the 
potential antagonist is effective. Conversely, if an elevated G-protein coupled receptor 
induced s.gnal results in a decrease in the concentration of a particular downstream 
component in the signalling cascade, application of a potential agonist would result in a 
reduction of the levels of that component. This can often only be detected by ampl.fying the 
signal using a chemical which artificially stimulates the level of the component e.g. 
forskolin. Sometimes, a further chemical which artificially inhibits an enzyme in the 
pathway is also added, as this again contributes to an increase in the level of the component. 
An example of such a further chemical is 3-isobutyl-l -methyl xanthine (IBMX). Step (la) 
will then be lower than step (lb). Where an antagonist in being assayed, the results of step 
(Ila) will be greater than (lib;, but can only be detected in the presence of forskolin. 

In one embodiment, the G-protein coupled receptor induced signal is monitored by 
measuring the free calcium ion concentration of the cells. This can be done using known 
techniques, for example utilising a fluorescent indicator, such as fura-2 which binds free 
calcium ions, and whose fluorescent signal alters depending upon whether it is bound to 
30 calcium ions or free. 

In an alternative embodiment, the G-protein coupled receptor induced signal is 
monitored by measuring the cyclicAMP (cAMP) levels within the cell, winch mav be 
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increased or decreased, depending upon the nature of the G-protein coupled receptor. The G- 
protein coupled receptor induced signal activates the G-protein which interacts with 
adenylate cyclase enzyme either to increase or decrease the levels of cAMP in the cell. 
cAMP can be extracted from the cells and quantified using commercially available kits such 
5 as scintillation proximity assay (SPA) kits available from Amersham International (UK). 

The calcium signalling mechanism is similar in that the concentration of calcium ions 
found in cells changes (either increases or decreases) as a result of G-protein induced signal. 

In yet a further embodiment, the cells may be further transformed with a reporter or 
marker gene, such as (3-galactosidase, expression of which is regulated by the G-protein 
10 coupled receptor signalling cascade. Changes in the signal will then be apparent by detecting 
the expression levels of the marker gene. 

If necessary, where the G-protein coupled receptor induced signal results in a 
decrease in the level of the measured cellular component, the changes in the signal can be 
amplified by adding chemicals which either stimulate or inhibit components in the signalling 
15 pathway so resulting in an increase of the detectable chemical in the cell. For example, 

forskolin (FSK) is known to artificially stimulate cAMP levels in a cell by directly activating 
adenylate cyclase. 3-IsobutyI-l-methylxanthine (EBMX) is known to artificially increase 
cAMP levels in the cell by inhibiting cAMP phosphodiesterase. Hence when the G-protein 
coupled receptor signal results in a decrease in cAMP levels, this decrease may appear more 
20 clearly if the agonist, with or without antagonist, is added in the presence of forskolin and 
optionally also IBMX. An effective agonist would be expected to reduce the amount of 
cAMP as compared to the forskolin, or the forskolin and EBMX alone. The presence of an 
effective antagonist would mean that the levels of cAMP would be higher than the test (lib), 
in the absence of the antagonist. 
25 In such cases, a further assay, in the presence of forskolin, forskolin and IBMX or 

other artificial stimulants alone may be of assistance in the determining the levels of efficacy 
of the agonist or antagonist, and or in assessing the relative efficacies of various potential 
agonists and antagonists. 

In all cases, cells of the invention are first transformed so that thev express the G- 
30 protein coupled receptor of interest and clones which provide a good G-protein coupled 

receptor induced signal can be selected by testing each clone by adding varving amounts of 
the known receptor ligand. and it" necessary, a chemical which stimulates the detectable 
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cellular component (as discussed above). Clones which provide the most clearly 
distinguishable signals as between (la) and (lb) and/or (Ila) and (lib) above are selected for 
use in assay s. 

Cells of the invention can be used to express heterologous proteins, including human 
proteins. In particular however, the applicants have found that they are useful in the 
expression of non-mammalian and especially insect proteins. 

To date, MEL cells giving a significant background level of G-protein coupled 
receptor expression in the absence of inducers such as dimethylsulphoxide (DMSO), 
have been used in a number of independent transformation experiments. In each case, even 
where a small number of transformed clones, for example >3, were analysed, isolates 
showing both efficient inducible but low level "leaky" expression of the introduced 
heterologous genes were identified. 

The applicants have, for the first time, expressed an insect G-protein coupled receptor 
in the LCR/MEL system: the locust tyramine receptor, TyrLoc. This receptor was previously 
expressed in stably transfected Drosophila S2 ceils (Vanden Broeck et al. (1995) J. 
Neurochem. 64 2387-2395). The present results with the MEL-TyrLoc cells indicate that the 
pharmacology of the receptor expressed in these mammalian cells is similar to that in S2- 
TyrLoc cells. Both Ca 2 * and cAMP measurements demonstrate that there is a very efficient 
coupling of the expressed insect receptor to the endogenous, mammalian G proteins. This 
observation indicates that the use of this novel MEL expression system should not 
necessarily be restricted to the characterization and functional analysis of mammalian 
receptor proteins. Moreover, the ability of the LCR/p-globin promoter combination to confer 
high levels of expression, in a reproducible and position independent manner, is not affected 
in this MEL C8SL cell clone. 

This was shown by the fact that the monophenolic amine, tyramine (TA) is a much 
better agonist than octopamine (OA). It activates this receptor at concentrations which are 3- 
4 orders of magnitude lower than OA. Also, yohimbine proved to be a better receptor 
antagonist than chlorpromazine and mianserin. 

These results clearly confirm the ligand binding data and the attenuating effect of TA 
on forskolin stimulated cAMP production which were previously obtained with TyrLoc 
expressing S2 cells (Vanden Broeck et al, 1995 supra ). G protein-coupled receptors for 
phenolamines (TA and/or OA) have been identified in other insect species (Drosophila 
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mehmogaster: Arakawa et al. (1990) Neuron 2 343-354 and Saudou et al., (1990) EMBO J. 9 
361 1-3617; Heliotlus virescens. Von Nickisch-Rosenegk et aL (1996) Insect Biochem. 
Molec. Biol. 26 817-827) and in the mollusc Lymnea stagnalis (Gerhardt CC et al., (J997) 
Mol. Pharmacol. 51 293-300). The H. virescens (K50Hei) and L. stagnalis (Lyw-OAl) 
receptors are preferentially activated by OA, whereas the fruitfly receptor (Tyr/Oct-Dro) 
produces agonist-specific (TA versus OA) coupling to different second messenger systems 
when it is expressed in NIH 3T3 (Saudou et al. 1990 supra. ), in CHO cells (Robb (1994) 
EMBO J. 13 1325-1330) or in Xenopus oocytes (Reale et al. (1997) Brain Res. 769 309-320). 

Assays using the cells of the invention and methods in accordance with the invention 
have been shown to be effective in determining the relative strengths of receptor agonists and 
antagonists. Specifically, it has been found that the locust receptor TyvLoc is more sensitive 
to TA than OA as agonists for both cAMP inhibition and Ca 2+ stimulation in MEL-TyrLoc 
cells. 

These assays are useful in investigations into the biological function of molecules. 
For example, it is known that TA is the biosynthetic precursor of OA and it is present in 
many pans of the locust nervous system. The results reported here also imply that TA might 
be a very important neuro-active substance and this idea is strongly supported by the 
discovery of separate activities, binding sues and uptake systems for tyramine and 
octopamine in the locust central nervous system (Roeder T (1994) Comp. Biochem. Physiol. 
107C 1-12; Hiripi L et al., (1994) Brain Res. 633 1 19-126.,; Downer et aL, (1993) 
Neurochem. Res. 18 1245-1248). 

After induction, this clone also differentiates along the erythroid pathwav and as a 
result boosts the expression levels of heterologous TyrLoc receptor proteins at least three- to 
four-fold. As a consequence, when induced, this clone loses the functionality of its signal 
25 transduction pathway, but is now ideal for ligand binding assays. 

Thus the invention further provides an assay for detecting binding between a protein 
and a potential binding partner therefore, said method comprising (a.) transforming a cell as 
described above so that the protein is expressed under the control of a globin promoter, (b) 
detecting binding between said potential binding partner and the protein on the membrane of 
the cell. Optionally, the cells are induced after step (a) and prior to step (b), so as to obtain 
high levels of protein expression from fully differentiated cells. 
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Step (b) may be effected on whole cells, or on isolated membranes extracted from 
lysed cells. Suitably, the protein is a receptor and the potential binding partner is a lisand 
therefore. However, binding between other types of protein, such as naturally occurins 
proteins, antigens, immunoglobulins such as antibodies, and binding partners, in particular 
specific binding partners can be tested in this manner. 

This work demonstrates that the MEL cell line can be an even more versatile system 
than previously thought. It may be used in a variety of situations, from functional (G-protein 
coupled receptor signalling cascade or ligand gated ion channels) to ligand binding assays, 
for both mammalian and insect, secreted or transmembrane proteins. 

Vectors used in tranformation of the cell lines form a further aspect of the invention. 
Preferably, a "parent" cell line is established for use in the assays described above. 
This is a cell line comprising cells of the invention which have been transformed such that 
they express a suitable reporter gene such as the LacZ gene, under the control of a response 
element which is susceptible to modulation by a signalling cascade used in the assay. An 
example of such a response element would be a cAMP response element (CRE). The 
reporter gene is suitably also under the control of a minimal promoter, for example a minimal 
globin promoter. Suitable enhancers may also be included in order to ensure good 
expression levels. A particular enhancer is the LCR enhancer described above. Suitably, the 
distance and/or orientation between the enhancer and the promoter is arranged such that good 
or optimal induction of expression of the reporter gene by an increase in the concentration of 
a particular downstream component in the signalling cascade (such as c AMP mentioned 
above) is ensured. 

The parent cell line may additionally comprise a globin promoter and preferably also 
an enhancer, in particular LCR, arranged to enhance expression of a gene placed under the 
control of the globin promoter. A multiple cloning site is suitably provided adjacent the 
globin promoter such that various protein genes, and in particular receptor genes, may be 
introduced into the parent line as required. 

Suitable parent cell lines may be obtained using empirical methods, for example by 
co-transforming cells with a vector including the reporter gene under the control of a 
response element and, for instance, a minimal globin promoter, and subjecting the cells to the 
target assay conditions and selected clones which produce the best signal (see Examples 7 
and 8 hereinafter). An example of such a co-transformation system is the reporter cassette in 
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the p3XVIP hyg (P) vector illustrated hereinafter, and a vector containing the LCR/siJobin 
gene promoter such as the pEV3 vector illustrated hereinafter. 

In order to determine which clones have stably incorporated both vectors, each vector 
should contain a different selection marker gene, such as antibiotic resistance. For example, 
the p3XVIP hyg (P) vector includes a hygromycin resistance gene which confers resistance to 
hygromycin B, whilst the pEV3 vector includes a neomycin resistance gene which confers 
resistance to G418. The presence of this neomycin resistance gene in the parent cells hinders 
the transformation of this cell line with a vector allowing expression of an heterologous 
protein, when this protein is encoded by a gene cloned into a similar parent pEV3 vector. 

Thus suitably other selection genes/chemical systems are utilised , e.g. a mammalian 
promoter, like the TK promoter in pEV3 (Figure la), driving the expression of a Blasticidin- 
S deaminase enzyme (e.g. from the bsd gene of Aspergillus terreus), which is responsible for 
resistance to Blasticidin S. 

Another way of obtaining such a parent cell line would be, for example to investigate 
the opumal organisation (distance, orientation etc. ) of, say the LCR enhancer, such as the one 
in the pEV3 vector, and the reporter cassette, such as is carried by the p3XIP hyg (P) vector 
(and for this, the optimal clones selected using the above method would be useful) and 
reproduce this organisation in a single vector. This vector could then be utilised to 
assemble a parent cell line in MEL C88L or to co-transfect it with the expression vector. In 
yet a further alternative, the optimal organisation of enhancer/response element/minimal 
promoter/ reporter gene can be identified (e.g. LCR/ CRE (3xVIP) - p globin minimal 
promoter - LacZ) and this could then be reproduced into a pEV3 like vector to provide both 
expression and reporter cassettes in the same vector. 

The selection marker gene such as bsd as mentioned above, could either be 
incorporated into a single vector used to assemble the parent cell line, or it could be included 
in a vector used in co-transfection, such as new derivative of the pEV3 vector, pEV3/Blasto, 
where the neomycin resistance cassette is removed. The vector pEV3/Blasto could 
subsequently be utilised for expression of heterologous proteins affecting the cAMP 
signalling pathway, in a previously generated parent cell line where the expression of the 
reporter gene depends on an increase on the concentration of c AMP. 

Use of a pre -characterised parent cell line is advantageous in that it harnesses the full 
benefits of using the LCR element to reduce numbers of clones which must be screened 
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before -good expressed are obtained. It would ensure that a clone with good inducibiJity of 
P-galactosidase expression as well as the capacity to express high levels of heterologous 
protein is obtained, even when only small numbers of clones (e.g. 6 clones/GPCR expression 
system) are characterised. 

In the absence of a parent ceil line of this type, generate of a cell line providing 
good expression levels of the GPCR receptor and a robustly and usefully inducible P- = 
galactosidase reporter gene necessitates construction and analysis of a minimum of 25 to 50 
clones because the reporter element is not itself associated with an LCR element. These 
numbers of clones are required to provide a reasonable chance of obtaining a clone that 
expresses a heterologous receptor at a suitable, together with the necessary inducibility of P- 
galactosidase expression. 

In turn, the use of a parent cell line should also allow easier parallel assembly of cell 
lines expressing different GPCRs and/or different expression modules for the same GPCR. 
Higher productivity in useful cell line assembly can therefore be achieved. 

A further major advantage of such a parent cell line is one of consistency: without it, 
from one transformation to the next it is impossible to obtain the same levels of inducibility 
of p-galactosidase expression because of more-or-less subtle position effects. A parent cell 
line avoids any difficulties in isolating a clone were the induction is robust enough to allow 
use of the cell line in high throughput screening assays. In turn, th.s reduces the amount of 
time necessary for characterising the clones obta.ned from a transformation, as well as the 
time necessary to develop a robust assay for high throughput screening. Consequently, by 
using a parent cell line the number of clones isolated from each transfection can be 
minimised, the cons.stency of P-galactosidase induction levels increased and the costs 
reduced. 

Parent ceil lines of this type form a further aspect of the invention. 

The invention will now be particularly described by way of example with reference to 
the accompanying diagrammatic drawings in which: 

Figure la illustrates the express.on vector pEV3 used as a recipient for the locust 
tyramine receptor (TyrLoc), such that the globin LCR enhancer and the murine Mobin 
promoter drive integration site independent expression of the receptor cDNA; 
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Figure lb illustates a reporter vector p3XVIP-hyg(P) which comprises three copies of 
a cAMP response element (3XVIP) upstream a minima! (3-globin promoter arranged to drive 
the expression of a 0-ga!actosidase reporter gene in the presence of cAMP in the cell; 

Figure 2 is a graph showing the dose-response relationship between tyramine (TA) 
concentration and Ca 2+ increase in MEL-TyrLoc cells compared to MEL C88L control cells 
which do not express the receptor; 

Figure 3 is a graph showing a comparison of calcium responses in MEL-TyrLoc cells 
elicited by tyramine (TA) (10 nM) and octopamine (OA) (0.5 uM); 

Figure 4 is a graph illustrating that the addition of different concentrations of 
yohimbin (Y) results in an inhibition of the response to 0.5 uM TA, but could not inhibit the 
response to high TA concentrations (5 uM); 

Figure 5 is a graph showing control cAMP measurements of un trans formed MEL- 
C88L cells in the presence of forskohn (FSK); 

Figure 6 illustrates the inhibition of forskolin induced increase of cAMP by tyramine 
in MEL-TyrLoc cells; 

Figure 7 illustrates the results obtained with a (3-gal assay using MEL cells 
transformed with a dopamine receptor and the reporter vector where, in each group, the first 
column indicates cells incubated in medium alone, the second shows those incubated with 
3jiM forskolin, the third column shows the results of incubation with lOuM dopamine; 

Figure 8a illustrates the results obtained with a (3-gal assay using MEL C88L cells 
transformed with the reporter vector p3XVIP hyg (P) where, in each group, the first column 
indicates cells incubated with 3.6uivt forskolin and the second shows those incubated in 
medium alone; and Figure 8b illustrates the results obtained with a p-gal assay using MEL 
C88L cells co-transformed with the reporter vector p3XVIP hyg (P) and the expression 
vector pEV3 where, in each group, the first column indicates cells incubated with 3.6uM 
forskolin and the second shows those incubated in medium alone. 

Example 1 



Generation of the pEV3TvrLoe expression vector 

The tyramine receptor cDNA from the locust Locusra nugratona was cloned into 
pEV3, downstream of the human globin locus control region ['LCR) between the promoter 
and the second mtron of the p-globin gene ('Figure la) as follows. 
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The coding region of the TyrLoc cDNA was amplified by polymerase chain reaction 
(PCR) from pVJ12 and pVJI2-IEG (J. Vanden Broek et aL, J. Neurochemistry (1995) 64, 6, 
2387-2395) using the following oligonucleotide primers: 
5' PCR primer (TyrLoc F2): 

5'-TTTTAAGCTTGAATTCAGATCTGCCACCATGAACGGGTCTTCGGCTGC-3' 
(SEQ ID NO 1) 

3' PCR primer (TyrLocRev): 

5'-TTTTGGATCCGCGGCCGCGTCGACTCATGTCTTGAAGTGGAGCAGC-3' 
(SEQ ID NO 2) 

The 5' primer contains the restriction sites Hind HI, EcoR I and Bgl H and the 
consensus translation enhancing sequence (GCCACC) (M. Kozak, J. Mol. Biol. (1987) 196 
(4) 947-450 ). The 3' primer contains the restriction sites BamH I Not I and Sal I. A PCR 
product was obtained with Pfu Polymerase (Stratagene) utilising the manufacturers protocol. 

The following PCR conditions were used: 1 cycle of denaturation at 96°C for 2 min 
followed by 40 cycles of denaturation at 96°C for 1 min, annealing at 58°C for 45 s and 
extension at 72°C for 3 min; followed by a final extension reaction of 10 min at 72°C . The 
resulting PCR product was cloned into the pCR-Script (Amp SK+) vector (Stratagene) using 
the manufacturers protocol. Sequence analysis of a clone, confirmed the presence of a 
correctly edited insert. This insert was released from the pCR-Script (Amp SK+) 
background using EcoR I and Sal I enzymes (Pharmacia Biotech Products) and cloned by 
standard techniques into pEV3 digested with the same pair of enzymes (Figure la). 

The identity of the DNA utilised for MEL cell transformation was confirmed by 
restriction digestion and agarose gel electrophoresis and sequencing. 

Example 2 

Cell cultu re and cell transfections 

Murine erythroleukerrua C88 cells (Deisseroth A Hendrick D (1978) Cell 15 55-63) 
were cultured in Duibeccos modified Eagle's medium (Gibco BRL) supplemented with 10% 
foetal bovine serum and 2mM glutamine at 37°C, under 10% C02 - 90% air. "Leaky" MEL 
cells, C88L, which allow low level umnduced expression of giobin genes in undifferentiated 
cells, were generated by prolonged culture of the cells (several months), prior to transfection 
studies. 
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The expression construct P EV3TyrLoc was introduced into leaky MEL-CSSL cells by 
electroporation. Prior to transfection, 50 ug of P EV3TyrLoc were linearised at the unique 
Asp 71 S site upstream of the neomycin cassette and downstream of the tyramme expression 
cassette. Transfect.on into the cell line MEL-CSSL was performed by electroporat.on as 
described (Antoniou M (1991) "Induct.on of erythro.d-specific expression in Murine 
Erythroleukemia (MEL) cell Imes" in Methods in Molecular Biology Vol 7 Gene Transfer 
and Expression Protocols (eds Murray EJ) 421-434 The Humana Press Inc.). 

After transfection, cells were diluted in culture medium to concentrations of about 
10 , 10 s and 2 x 10 s cells per ml and 1 ml aliquots were transferred to each well of a 24-weIl 
tissue culture plate (Gibco BRL-NUNC nunclon multidishes (polystyrene, radiation 
sterilised, with lids) 24 well plates. Cat # 143982A). Twenty four hours after the 
transfecuon. G418 was added to a concentration of 1 mg/ml in order to select for stable 
transfectants. Individual clones were picked, or pooled to generate populations, 7 to 10 days 
after the addition of selective medium. 

For RNA purification and funct.onahty studies, cells were maintained in exponential 
growth by passaging them every day for a period of 4 days (cells should increase from 2.10 s 
cells/ml to 6-8. 10 5 cells/ml in 24 hours when in log phase). For the RNA purification, one 
half of the cells was induced using 2% DMSO and incubated for a further period of 4 days. 

20 Example 3 

RNA analysis 

Following induction with 2% DMSO, a Northern blot was performed on RNA 
extracted from induced and uninduced clones and populations. Approximately 1.10 7 cells 
were washed with phosphate-buffered saline and resuspended in 1 ml of RNAzol B 
(Biogenesis). RNA was then purified according to the manufacturer's protocol. The RNA 
concentration was calculated from spectrophotometer readings at 260 nm. 

Electrophoresis of the RNA samples (10 ug per lane) was performed through agarose 
gels conta.ning 2.2 M formaldehyde in duplicate. The RNA was then transferred to a nylon 
membrane (Hybond-N. Amersham) in 20 x SSC. After transfer. RNA was covalently cross- 
linked to the membrane by short-wave ultraviolet irradiation using a U.V. Stratalinker™ 
2400 (Stratagene). Each duplicate membrane was prehybridised and hybridised (Church GM 
& Gilben VVG984, Proe. Natl. Acad. Sci. USA 81 1991-1995: Feinberg AP and Voaelstein 
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B (1983) Anal. Biochem. 132 6-13 (Addendum: Anal. Biochem. (1984) 137 266-267) using 
either ^-labeled p-globm or ' 2 P-TyrLoc-receptor probes. 

There was a large increase in the production of TyrLoc mRNA after induction. Only 
clones that gave a strong Sl gnal on the Northern blot were used in further experiments. 

Example 4 

Ca~* measurements 

Elevations in intracellular Ca :+ in response to stimulation with ligands of the 
tyramine receptor were measured as follows. Since MEL cells loose the ability to signal on 
differentiation, and as receptor expression was readily detectable without induction of the 
MEL cells, uninduced MEL C88L cells of the invention were used. 

Ca 2+ concentration was measured by using the acetoxymethy] (AM) ester of the 
fluorescent indicator fura-2 (Grynkiewicz G et al. (1985) J. Biol. Chem. 260 3440-3450) 
Cells were washed with NCF buffer (135 mM NaCI, 5 mM KC1, 6 mM glucose, 0 62 mM 
MgC12.6H20, 10 mM HEPES, pH 7.4 with 4 mM CaC12) and resuspended at a 
concentration of 2.10 6 cells/ml in NCF buffer containing 2 ^M fura-2-AM (Molecular 
Probes). After 1 hour incubation in the dark at 27°C, the cell suspension was subjected to 
centrifugation at 1200 rpm for 5 minutes, resuspended in an equal volume of NCF buffer and 
incubated for an additional 30 mm in the dark. Al.quots were centrifuged as above and 
resuspended in 3 ml NCF buffer. Measurements of intracellular calcium were made 
fluorimetncally in a LS-50B Luminescence Spectrophotometer (Perkin-Elmer) in the 
presence and absence of the appropriate test chemical. Excitation wavelength alternated 
between 340 and 380 nm. The fluorescence intensity was monitored at an emiss.on 
wavelength of 510nm. 

The different clones were tested in order to see whether there was a difference in their 
functional response to .0 uM tyramine (TA), an endogenous insect neurotransmitter. All of 
the clones tested gave a similar response (data not shown), therefore onlv one clone was used 
m further exper.ments. Figure 2 shows a dose-response experiment for this Cone: there was 
a clear trans.ent mcrea.se , n Or* after addition of TA. The .owes, concentration of TA tested 
was 0.01 uM. A maximal response was obtained when using 1 u.M TA. Untransformed 
MEL-C88L cells gave no response with concentrations as high as 100 uM TA. 
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Addition of ionomycin (2*lM), a Ca 2+ -ionophore, to the cells resulted in a large 
increase of the intracellular Ca 2 ^ concentration, showing that the cells were loaded with 
suitable levels of fura-2. The Ca 2+ dependency of the TA response was tested by using NCF 
buffers with different Ca 2+ concentrations. In low Ca 2 ^ buffer (no extra Ca :+ added to the 
buffer), the elevated Ca 2+ level quickly dropped down to its initial concentration. Also, the 
Ca 2 ^ release seen in the presence of low Ca 2 ^ buffer was greater than the release seen in high 
Ca 2+ buffer (4 mM Ca 2 ^) (data not shown). 

These observations and results are consistent with the expectation that the initial 
cytoplasmic Ca 2+ increase comes from the release of the internal stores, whilst a sustained 
Ca 2 ^ level is achieved by an influx of Ca 2+ from the outside of the cell. The cytosolic Ca 2+ 
concentrations are probably lower in low Ca 2 ^ buffer due to establishment of an equilibrium 
across the cell membrane. This is the reason why the fura-2 340nm/380nm fluorescence 
ratio increases more in low Ca 2+ buffer, i.e. there was initially more free fura-2 compared to 
ceils in high Ca 2+ buffer. 

The effect of different agonists and antagonists of the ryramine receptor was 
investigated. The response to octopamine (OA) was measured, since OA is a phenolamine 
which is structurally related to TA. Though it was used at a 50 times higher concentration, 
OA increased the Ca 2 ^ concentration to a much lesser extent than TA, showing the specificity 
of the receptor for TA (Figure 3). 

At concentrations below 20 u.M, metacloprarmde had no detectable effect on basal 
Ca 2+ concentrations or on the response of the cells to TA. Chlorpromazine and mianserin 
clearly inhibited the Ca 2 ^ increase induced by TA. Both naphazoline and tolazoline were 
weak antagonists (data not shown). 

Yohimbine proved to be the strongest antagonist of the substances which were tested 
and a dose-response assay was performed (Figure 4). Yohimbine was added after 50 s at 
different concentrations (0.1, I and 2.5 uM). Subsequently, 0.5 uM and 5 uM of TA was 
added after 150 and 350s respectively. Yohimbine produced a concentration-dependent 
inhibition of the response to 0.5 uM TA, but it could not inhibit the 5 uM TA response, 
within the concentration range employed. 
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Example 5 

cAMP measurements 

The effect of TA on the cAMP level of the transformed and untransformed cells was 
investigated. MEL-C88L and MEL-TyrLoc cells were seeded in 6-well plates to a density of 
SAO" cells/well and allowed to attach. The cell medium was removed and, in different wells, 
replaced with different NCF buffer solutions as follows: 

(i) NCF + 1 uM tyramine (TA), 

(ii) NCF + 10 uM forskolin (Fsk), 

(iii) NCF+ 10uMFsk + 1 nM to lO^MTA. 

where NCF comprised 135mM NaCI, 5mM KC1, 6mM glucose, 0.62mM MgCI : , lOmM 
Hepes pH 7.4 4mM CaCl,. 

For the use of other ligands than TA, the solutions were: 

(iv) NCF + 10 uM Fsk + 1 |iM OA, 

(v) NCF + 10 uM Fsk + 0. 1 uM TA + 100 nM to 1 nM yohimbine, 
1 5 (vi) NCF + 10 (iM Fsk + 0. 1 ^iM TA + 1 0 nM mianserin; and 

(vii) NCF + 10 nM Fsk + 0. 1 uM TA + 10 nM chlorpromazine. 

All solutions contained 200 \iM 3-iso-l-butylmethylxanthine (IBMX) in order to 
inhibit cAMP phosphodiesterase. In each study, triplicate wells were incubated with the 
same solution at 37°C for exactly 30 min. 

In order to extract the cAMP, 100 % .ce-cold ethanol was added to each well to a 
final concentration of 65 %. After 5 min mcubation at room temperature, the solution was 
removed from the wells wh.ch were then rinsed w.th 65% ethanol. The eluates from the 
same well were then pooled together and evaporated using a speedvac. cAMP was then 
measured using the Scintillation Proximity Assay (Amersham), according to the 
manufacturer's recommended procedure. This experiment was done in triplicate. 

Figure 5 shows the cAMP levels in untransformed MEL-C88L cells: addition of 1 
UM TA did not result in any effect. Forskol.n, with or without TA, increased the cAMP 
level more than 6 times. 

Figure 6 shows the effect of TA on MEL-TyrLoc cells: TA significantly inhibits the 
forskolin-induced increase of cAMP. This response was dose-dependent: a mimmal and 
maximal response was achieved when using 1 nM TA and 1 uM TA respectivelv. There was 
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a 4- fold decrease in cAMP production with 1 uM TA when compared to luM OA. 
therefore, indicating that TA is a much stronger inhibitor of cAMP production in these cells. 

Yohimbine inhibited the effect of TA in a dose dependent manner. The antagonistic 
effects of mianserin and chlorpromazine were also confirmed (data not shown). 

The measurements were found to be highly reproducible. 

Example 6 

B-galactosidase assay using dopamine clones 

MEL C88L cells were transformed with the serotonin and dopamine receptors using 
conventional methods and from northern blot analysis, 5-6 clones were chosen for further 
evaluation. 

Generation of pE V3D-Dopl Expression Vector 

The Dopamine Receptor cDNA from the fruit fly Drosophila melanogaster was 
cloned into pEV3, downstream of the human globin locus control region (LCR) between the 
promoter and the second intron of the p-globin gene (Figure la) as follows. 

The coding region of the D-Dopl cDNA was amplified by PCR from pDMdopl 
(pDMdopl contains a D-Dopl cDNA as a partial EcoRldigest from pcDNAI construct 
cloned into pBluescnp SK vector). (F. Gotzes et al. Receptors on Channels (1994) 2, 131- 
141). 

The amplification was performed using the following oligonucleotide primers: 
5' PCR primer (Dop Dl/5 FR); 

5' - TTTT AAGCTT AGATCT GCCACC ATG TAC ACA CCA ACA CCC 
ATTTG-3' (SEQ IS NO 3) 
3' PCR primer (Dop Dl/5 RV); 

5' - TTTT GC GG CC GC GTC GAC TCA A AT CGC AGACACCTGCTC - 3' 
(SEQ ID NO 4) 

The 5' primer contains the restriction sides Hindlll, and BglW and the consensus 
translation enhancing sequence (GCC ACQ (M.Kozak. 19S7 supra). The 3' primer contains 
the restriction sites Not I and Sal I. A PCR product was obtained with Pfu Polymerase 
(Stratagene) utilising the manufacturers protocol. 

The following PCR conditions were used: I cycle of denaturation at 96°C for 2 min 
followed by 35 cycles of denaturation at 96XT for 1 min. annealing at 57°C and 60°C for 45 s 
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and extension at 72°C for 3 min; followed by a final extension reaction of 10 min at 72°C. 
The resulting PCR product was cloned into the PCR-script (Amp SK+) vector (stratagene) 
using the manufacturers protocol. Sequence analysis of a clone, confirmed the presence of 
correctly edited insert. This insert was released from the PCR-Script (AMP SK+) 
background using Bglll and Noll enzymes (Pharmacia Biotech Products) and cloned into 
pEV3 (Figure la). 

The identity of the DNA utilised for Mel ceil transformation was confirmed by 
restriction digestion and agarose gel electrophoresis and sequencing. 
Cell culture and cell transfection 

Murine erythroleukemia C88L were cultured as described in Example 2. 
The expression construct pEV3D-Dopl and the reporter construct p3XVIP Ryg(P) 
See Fig lb) were co-transformed into Mel-C88L cells by electroporation. Prior to 
transfection, 30u.g of pEV3D-Dopl and 30ug of p3XVIP hyg (P) were linearised 
respectively at the unique sites Asp 718 and Xmnl. 

The unique Asp718 site in the pEV3D-Dopl vector is found upstream of the 
neomycin cassette and downstream of the dopamine expression cassette. The unique Xmnl 
site in the p3XVIP hyg (P) vector is found in the ampicillin gene and is flanked by both the 
reporter expression cassette and the hygromycin cassette. Transfection into the cell line Mel 
C88L was performed by electroporation as described (M. Antoniou, 1991 supra). After 
transfection, cells were diluted in culture medium to concentrations of about 10 4 , 10 5 and 
2xl0 5 cells per ml and 1ml aliquots were transferred to each well of a 24- well tissue culture 
plate (reference as in example 2). Twenty four hours after the transfection, G418 was added 
to a concentration of 1 mg/ml in order to select for stable transfectants which would contain 
either the pEV3 D-Dopl expression construct on its own or with the reporter vector p3XVIP 
hyg (P). Individual clones were picked, or pooled to generate populations, 7 to 10 days after 
the addition of selective medium. 

These clones and populations were visually assessed as being dividing vigorously 
before being passaged into media containing two selection agents: G418 and hygromycin B 
at respective concentrations of lmg/mJ and 0.8mg/ml. This was done in order to select only 
for transfectants having stably integrated both vectors: pEV3D-Dop 1 and p3XVIP. hya(P). 

For RNA purification, cells were maintained in exponential growth by passaging 
them every day for a period of 4 days (cells should increase from 2x10 s cells/ml to 



WO 00/68362 PCT/GBOO/01702 

- 20 - 

6-8x10* cells/ml in 24 hours when in iog phase). One half of the cells was then induced 
using 2% DMSO and incubated for a further period of 4 days. RNA analyse was carried out 
as described in Example 3. 
P-gaiactosidase assa ys using dopamine clones 

6 dopamine clones were washed in phenol red free RPM1 media (GIBCO) contain,n 2 
3% FCS and 1% glutamine and resuspended at concentrations of I.25xl0 7 cells/nU and 
2.5xl0 6 cells/ml. These cells were then transferred to 96-well microtitre plates a final 
concentrations of 2x1 0 s cells/well and Ix W" cells/well. Additions of either 
a) Forskolin (3pM) or b) Dopamine (agonist) lOpM or c) Media were made at each of the 
10 cell concentrations 2 replicates/clone/concentrations were set up. 

After incubation for 5 hours at 37°C in an atmosphere of 10% C0 2 , a chlorophenol 
red (3-D-galactopyranostde (CPRG) solution was added. The solution comprised 11.4m- 
CPRG (Boehringer), 500ul .0 x Z buffer, 75u. 20% SDS. 5ml H 2 Q and 7ul ercaptoethall 
10 x Z buffer consists of 0.47M Na 2 HP0 4 (2H 2 0), 0.4M NaH 2 P0 4 (2H 2 0), 0.1M KCI. lOmM 
15 MgS0 4 (7H 2 O), adjusted to pH7.0 with NaOH solution. 

Plates were then incubated overnight under the same conditions and the absorbance a. 
570nm determined using a spectrophotometer (MRX Microplate Reader (Dynatech 
Laboratories). Results for the dopamine clones at a concentration of IxlO 6 cells/well are 
shown in Figure 7. Clones C and 2 showed an increase in absorbance at 570nm, indicating 
20 an increase in cyclic AMP. both in the presence of forskolin and in the presence of 

dopamine. Th.s signal may be useful in detecting agon.sts and antagonists of the dopamine 
receptor. 

The serotonin clones showed a similar increase in cyclic AMP in the presence of 
forskolin. In the presence of serotonin no effect was seen but in the presence of forskolin 
25 and serotonin a decrease in forskolin simulated cAMP was observed. This signal may be 
useful in detecting agonists and antagonists of the serotonin receptor. 

Example 7 

Generation of comrol MEL CSSL reporter cjong^ exj^res smg no receptor 
30 Cell culture and cell transfection 

Murine erythroleukemia CSS -leaky- fDeisseroth A. I97S supra) were cultured as in 
Example 2. 
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The reporter construct p3XVIP hyg(P) (Figure lb) was transformed into Mei-C88L 
cells by electroporation, either on its own (Transfection I) or in parallel with the expression 
vector pEV3 (Figure la) (Transfection 2). Prior to transfection, 30ug of pEV3 and 60ua of 
p3XVIP hyg (P) were linearised respectively at the unique sites Asp 718 and Xmnl. 

The unique Asp718 site in the pEV3 vector lies upstream of the neomycin cassette 
and downstream of the empty expression cassette containing the LCR enhancer. The unique 
Xmnl site in the p3XVIP hyg (P) vector is found in the ampicillin gene and is flanked by both 
the reporter expression cassette and the hygromycin cassette. Transfections into the cell line 
Mel-C88L were performed by electroporation as described (M Antoniou, 1991 supra). After 
each transfection, cells were diluted in culture medium to concentrations of about 10 4 , 10 5 
and 2xl0 5 cells per ml and 1ml aliquots were transferred to each well of a 24-well tissue 
culture plate (reference as in example 2). Twenty four hours after the transfection, : 
hygromycin B (at a concentration of 0.8mg/mJ for Transfection 1) or G418 and hygromycin 
B (at respective concentrations of lmg/mi and 0.8mg/ml for Transfection 2) were added in 
the transformations in order to select for stable transfectants which would either contain the 
reporter vector p3XVIP hyg (P) on its own (Transfection 1) or under the influence of the 
LCR enhancer from the expression vector pEV3 (Transfection 2). In Transfection 2 the 
double selection would select for clones containing both vectors. Individual clones were 
picked, or pooled to generate populations, 7 to 10 days after the addition of selective 
medium. 

For RNA purification, cells were maintained in exponential growth by passaging 
them every day for a period of 4 days (cells should increase from 2xl0 5 cells/ml to 
6-8xl0 5 cells/ml in 24 hours when in log phase). One half of the cells for each clone or 
populationwas then induced using 2% DMSO and incubated for a further period of 4 days. 
RNA analysis was carried out as described in Example 3. 
P-galactosidase assays using p3XVTP.hvgfP) or p3XVIP.hvg(PVpEV3 clones 

12 clones and 2 populations were tested from each of Transfection 1 and 2. These 
clones and populations were washed in phenol red free RPMI media (GIBCO) containing 5% 
FCS and 1% glutamine and resuspended at an estimated concentration of between 1 and 
4xlO h cells/ml. These cells were then transferred to 96-weIl rnicrotitre plates at an estimated 
final concentration of between 1 to 4x 1 0 5 cells/well. Additions of either a) Forskoiin G.6 
\lM) or b) Media were made to the cells. 2 replicates/clone/concentrations were set up. 
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After incubation for 6 hours at 37°C in an atmosphere of 10% CCK a chiorophenol 
red p-D-galactopyranoside (CPRG) solution was added. This solution comprised 1 L4m 2 
CPRG (Boehringer), 500uJ 10 x Z buffer, 75ul 20% SDS, 5ml H 2 0 and 7uJ ercaptoethanol. 
10 x Z buffer consists of 0.47M Na 2 HP0 4 (2H 2 0), 0.4M NaH 2 P0 4 (2H 2 0), 0.1M KCI, lOmM 
5 MgS0 4 (7H 2 0), adjusted to pH7.0 with NaOH solution. 

Plates were then incubated overnight under the same conditions and the absorbance at 
570nm determined using a spectrophotometer (MRX Microplate Reader - Dynatech 
Laboratories). Results for the p3X VlP.hyg(P) and p3XVIP.hyg(P)/ p EV3 clones and 
populations are shown in Figures 8a and 8b respectively. 
10 The p3XVIP.hyg(P) clones and population showed no significant increase in 

absorbance at 570nm either in the presence or absence of forskolin: this indicates that there is 
no significant increase of p-galactosidase expression. This expression would have indicated 
an increase in cyclic AMP concentration in the cells, in turn caused by the presence of 
forskolin. In contrast, the P 3XVIP.hyg(P)/ P EV3 clones and populations showed a variety of 
results ranging from no significant increase in 570 nm absorbance (Clones B and F - data not 
shown) to near constitutive expression (Clone E and Population Pop2 - see Figure 8b) or 
very good inducibility of P-galactosidase expression caused by the increase of cAMP 
concentration in the cells in the presence of forskolin (p3XVIP.hyg(P)/ p EV3 clone J and 
Popl - see Figure 8b). 

This shows that both vectors are necessary for full inducibility of p-galactosidase 
expression by the increase of cAMP concentration in the cells. Variability in the inducibility 
of p-galactosidase expression between different clones is probably due to the distance, in the 
genome of the cell, between the LCR enhancer (pEV3; Figure la) and the (CRE (3xVIP) - p 
globin minimal promoter} which drives the expression of the LacZ gene (p3XVIP.hys(P); 
Figure lb). The optimal distance seems to have been reached in clone J (Figure 8b). This 
cell line can be used as a control in experiments were MEL C88L cells have been 
transformed with p3X VlP.hyg(P) and pEV3 expressing a heterologous protein affecting the 
cAMP signalling pathway. 
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Example 8 

Generation of a parent MEL C88L ( n3XVIP,hvgrP)/LCR ) cell ling 

The experiment reported in example 7 suggested the utility in assembly of a parent 
cell line containing the p3XVIP.hyg(P) vector at a suitable distance from the LCR enhancer 
contained in pEV3. This parent cell line clone would, like p3XVIP.hyg(P)/ p EV3 clone J 
have eas.Jy demonstrated inducibility of P-galactosidase expression by an increase of the 
cAMP concentratton in the cells. However, P 3XVIP.hyg(P)/pEV3 clone J could not itself be 
utilised as parent cell line because it already contained a standard pEV3 carrying the 
neomycin resistance gene (and hence confering resistance to G418). The presence of this 
resistance gene in the parent cells hinders the transformation of thts cell line with a vector 
allowing expression of an heterologous protein, when this protein is encoded by a gene 
cloned into the parent pEV3 vector. The following descript.on details one way of obtaining a 
suitable parent cell line. 
Generation a ANeomvcin pEV3 Vector 

In this example, the pEV3 vector was be modified to remove the neomycin gene 
which confers G418 resistance. Specifically the neomycin expression cassette (TK promoter 
- neomycin gene - Figure la) was removed from the pEV3 vector using Kpnl and NspV 
enzymes (Amersham Pharmacia Biotech), generating the vector ANeomycin pEV3. 
Cell culture , md cell transfection 

Murine erythroleukemia C88 "leaky" (Detsseroth A, 1978 supra) were cultured as in 
Example 2. 

The reporter construct P 3XVIP hyg(P) (Figure lb) was then co-transformed with the 
vector ANeomycin pEV3 into Mel-C88L cells by electroporation. Prior to transfection, 30pg 
of ANeomycm pEV3 and 30ug of P 3XVIP hyg (P) were linearised respectively at the uniqj 
25 sites Asp 718 and Xmnl. 

The unique Asp718 site in the pEV3 vector lies downstream of the empty expression 
cassette containing the LCR enhancer. The unique Xmnl site in P 3XVIP hyg (P) vector is 
found in the ampicillin gene and is flanked by both the reporter expression cassette and the 
hygromycin cassette. Transfcctions into the cell line Mel-CSSL were performed by 
30 electroporation as described (M. Antoniou. 1991 supra). After each transfection, cells are 

diluted in culture medium to concentrations of about I0\ 10 5 and 2x10 s cells per ml and I ml 
aliquots transferred to each well of a 24- well tissue culture plate ( reference as in example 2>. 
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Twenty four hours after the transferor, hvgromvcin B (at a concentration of 0 8nWm, , was 
added ,n the transformation ,n order to select for stable transtectants which would either 
contam the reporter vector P 3XVIP hyg ( P) on its own or under the tnfluence of the 
ANeomycin pEV3 vector's LCR enhancer (it was not be poss.b.e to select for the double 
> Informants directly as the ANeomycin P EV3 vector does not contain any markers allows 
selection ,n mammalian cells). Individual clones were picked, or pooled to generate 
populates, 7 to 1 0 days after the addition of selective media. 

For RNA purification, cells were maintatned in exponential growth by passa*^ 
ever>' day for a period of 4 days (cells grow from 2x 10 s cells/ml to 
.0 6 W cells/mJ in 24 hours when in log phase). One half of the cells for each clone or 
population was then induced using 2% DMSO and incubated for a further period of 4 davs 
RNA analysis was carried out as described in Example 3. 
^^^^ 

50 clones and 2 populations were tested for inducibility of P-galactosidase 
-5 expression by the increase of cAMP concentration in the cells. The clones and populations 
were washed in phenol red free RPMI med.a (GIBCO) containing 5% PCS and 1% 
glutamme and then resuspended at a concentration of between 1 and 4x . 0 6 cells/ml Cell 
suspenses were then transferred to 96-welI microtitre plates a, a final concentration of 
between 1 to 4x10^ cells/weli. Additions of either a) Forskohn ,3 to 3.6 u.M) or b) Media 
20 were made to the cells. 2 replicates/clone/concentrations were set up. 

After incubation for 5 to 6 hours at 37°C in an atmosphere of 10% CO., a 
chlorophenol red p-D-galactopyranoside (CPRG) solution was added. This solution 
comprised 11.4mg CPRG (Boehringer), 500p, 10 x Z buffer. 75pl 20% SDS, 5m. H ,Q and 
7pd mercaptoethanol. 10 x Z buffer consists of 0.47M Na,HPO.( W) 0 4M 
2S NaH 2 P042H 2 0), 0,M KCI, ,0mM MgS0 4 (7H : 0), adjusted to P H7.0 with NaOH solution 
Plates were incubated overnight under the same conditions and the absorbance at 
:>70nm was determined using a spectrophotometer (MRX Microplate Reader - Dvnatech 
Laboratories). The results from this experiment were similar to tnose obtained in example 7 
wuh a mixture of cells responding either like Transfection 1 or 2 Cone, This ,s due to the 
* tact that in tins transfection. there were a mixture of clones produced and containing either 
P3XVIP hygtP) vector on as own or co-integrated with ^Neomycin P EV3 vector, because of 
the simple selection with hvgromvcin. A parent MEL CSSL ; ; rvXVlP.hv,, P./LCR ) cell hne 
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was then selected on the basis of criteria including optimal inducibility of p-galactosidase 
expression by the tncrease of cAMP concentration in the cells, as for p3XVIP.hy S (P)/ pE V3 
cJone J. 

Other modifications of the present invention will be apparent to those skilled in the 
art without departing from the scope of the invention. 
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CLAIMS 



The use of an erythroid cell which is substantially undifferentiated, but which is 
capable of expressing a heterologous protein under the control of a globin promoter 
thereof, in an assay in which said protein interacts with an endogenous signalling 
cascade of said cell and said interaction is detected. 

The use according to claim 1 wherein said erythroid cell is a murine erythroleukaemja 
(MEL) cell, rat erythroleukaernia cell (REL) or a human erythroleukaemia cell (HEL). 

The use according to claim 2 wherein the erythoid cell is a murine erythroleukaemia 
cell. 



The use according to any one of claims 1 to 3 wherein the said globin promoter is the 
p-globin promoter. 

An erythoid cell which is substantially undifferentiated but which is capable of 
expressing proteins under the control of a globin promoter thereof at levels which 
allow use in accordance with any one of claims 1 to 4. 

An erythoid cell according to claim 5 which comprises a cell as deposited at the 
European Collection of Cell Cultures under Accession number 99012801. 

A method of producing an erythroid cell according to claim 5 which method 
comprises maintaining growing uninduced erythroid cells in culture for a sufficient 
period of time and isolating a subclone which expresses protein under the control of a 
globin promoter. 

A method for determining the interaction between a receptor protein and a potential 
agonist or antagonist therefor, said method comprising incubating a cell as defined 
above which has been transformed so that it expresses said receptor protein as a Ci- 
pro tern coupled receptor, either 
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(I) in (a) the presence and (b) the absence of said potential agonist; and/or 

(II) in the presence of a known agonist and (a) the presence or (b) the absence of 
said potential antagonist; and 

monitoring and comparing G-protein coupled receptor induced signals in cells of (la) 
and (lb) and/or (Ha) and (lib). 

9. A method according to claim 8 wherein the G-protem coupled receptor induced 
signal is monitored by measuring the calcium ion content of the cells. 

A method according to claim 9 wherein the calcium levels are measured by means of 
a fluorescent indicator. 

A method according to claim 8 wherein the G-protein coupled receptor induced 
signal results in a change in the cyclic AMP (cAMP) levels within the cell, and the G- 
protein induced signal is monitored by measuring the cyclic AMP content of the 
cells. 



12. A method according to claim 1 1 wherein the cells are transformed with a reporter 
gene, expressed of which is regulated by a G-protein coupled receptor induced 
signalling cascade, and the G-protein coupled receptor induced signal is monitored by 
detecting the product of the reporter gene. 

13. A method according to claim 12 wherein the reporter gene is p-GAL. 



10 10. 



II. 



25 14. 



30 15. 



A method according to any one of claims 8 to 13 wherein the G-protein coupled 
receptor induced signal results in a decrease in the level of the measured cellular 
component, and tests (I) and (II) are earned out in the presence of a chemical which 
contributes to an increased level of said cellular component. 

A method according to claim 14 wherein the measured cellular component is cAMP 
and the said chemical is forskolin. 
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16. 



17. 



IS. 



19. 



20. 



A method according to any one of claims 7 to 15 wherein the receptor is an insect 
receptor. 

A method according to claim 16 wherein the insect receptor is a tyramine, a 
serotonin, a dopamine, an octopamine or a muscarinic -acetylcholine receptor. 

A method according to any one of claims 8 to 17 wherein the cells are subsequently 
induced to differentiate, and used in a ligand binding assay. 

An assay for detecting binding between a protein and a potential binding partner 
therefore, said method comprising (a) transforming a cell according to claim 5 so that 
the protein is expressed under the control of a globin promoter, (b) detecting binding 
between said potential binding partner and the said protein on a membrane of the cell. 

An assay according to claim 19 where the cells are induced after step (a) and prior to 
step (b), so as to obtain high levels of protein expression from fully differentiated 
cells. 



21. An assay according to claim 19 or claim 20 wherein step (b) may be effected on 
isolated membranes extracted from lysed cells. 

22. A vector composing a sequence which encodes a non-mammalian protein receptor 
under the control of a globin promoter. 

23. A vector according to claim 22 wherein the globin promoter is under the control of 
the human globin locus control region. 

24. A vector according to claim 22 or claim 23 wherein the non-mammalian protein 
receptor is an insect receptor. 

25. A vector according to claim 24 wherein the insect receptor is the locust tyramine 
receptor. 
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26. 



27. 



10 28. 



15 29. 



A cel. accord.no to Cain, 5 or claim 6 which is transformed with a vector according 
to any one of claims 22 to 25. & 

A cell according to claim 5 which has been transformed such that i, contains a .lob.n 
promoter associated with a Coning site and/or a reporter cassette containing a 
reporter gene, such as the P-galac.osidase gene, under the control of a response 
element susceptible to modulation by a signalling cascade used in an assay. 

A eel, according to Cairn 26 whtch further comprises an enhancer, able to tncrease 
expresston of a gene placed under the control of said g lo b,n promoter and/or is at an 
opuma, stance of said reporter cassette such that the expression is dependent on the 
concentration of a pardcu.ar downstream component in the signalling cascade. 

A cell according to claim 28 wherein the enhancer is the LCR enhancer. 
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International application No. PCT/GBOO/01 702 



I. Basis of the report 

1 . With regard to the elements of the international application (Replacement sheets which have been furnished to 
the receiving Office in response to an invitation under Article 14 are referred to in this report as "originally filed" 
and are not annexed to this report since they do not contain amendments (Rules 70. 16 and 70. 1 7) ): 
Description, pages: 

1-25 as originally filed 

Claims, No.: 

1-29 as originally filed 

Drawings, sheets: 

1/1 0-10/1 0 as originally filed 



2. With regard to the language, all the elements marked above were available or furnished to this Authority in the 
language in which the international application was filed, unless otherwise indicated under this item. 

These elements were available or furnished to this Authority in the following language: , which is: 

□ the language of a translation furnished for the purposes of the international search (under Rule 23. 1 (b)). 

□ the language of publication of the international application (under Rule 48.3(b)). 

□ the language of a translation furnished for the purposes of international preliminary examination (under Rule 
55 2 and/or 55.3). 

3. With regard to any nucleotide and/or amino acid sequence disclosed in the international application, the 
international preliminary e>am<nation was carried out on the basis of the sequence listing: 

□ contained in the international application in written form. 

□ filed together with the international application in computer readable form. 

□ furnished subsequently to this Authority in written form. 

□ furnished subsequently to this Authority in computer readable form. 

□ The statement that the subsequently furnished written sequence listing does not go beyond the disclosure in 
the international application as filed has been furnished. 

□ The statement that the information recorded in computer readable form is identical to the written sequence 
listing has been furnished. 

4. The amendments have resulted in the cancellation of: 

□ tho description, pages: 

□ tho claims. Nos.: 
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□ the drawings, sheets: 

5. □ This report has been established as if (some of) the amendments had not been made, since they have been 
considered to go beyond the disclosure as filed (Rule 70.2(c)): 

(Any replacement sheet containing such amendments must be referred to under item 1 and annexed to this 
report.) 



6. Additional observations, if necessary: 



V. Reasoned statement under Article 35(2) with regard to novelty, inventive step or industrial applicability; 
citations and explanations supporting such statement 

1. Statement 



Novelty (N) 


Yes: 


Claims 


1-4, 6, 8-17, 22-29 




No: 


Claims 


5, 7, 18-21 


Inventive step (IS) 


Yes: 


Claims 


1-4, 8-17 




No: 


Claims 


5-7, 18-29 


Industrial applicability (IA) 


Yes: 


Claims 


1-29 




No: 


Claims 





2. Citations and explanations 
see separate sheet 



VIII. Certain observations on the international application 



The following observations on the clarity of the claims, description, and drawings or on the question whether the 
claims are fully supported by the description, are made: 
see separate sheet 



INTERNATIONAL PRELIMINARY International application No. PCT/GB00/01 702 

EXAMINATION REPORT - SEPARATE SHEET '^uu/01 702 



Item V. 



Reference is made to the following documents: 



D1 : Garcia-Alonso M. et al.:' STABLE FUNCTIONAL EXPRESSION OF THE 
NEURONAL NICOTINIC ACETYLCHOLINE RECEPTOR alpha3beta4 IN 
MEL (MURINE ERYTHROLEUKEMIA) CELLS: A NOVEL EXPRESSION 
SYSTEM FOR LIGAND GATED ION CHANNELS' SOCIETY FOR 
NEUROSCIENCE ABSTRACTS vol. 22,1996, page 1526 XP000961688 
D2: GB-A-2 251 622 (ICI PLC) 15 July 1992 (1992-07-15) cited in the application 
D3: NEEDHAM M ET AL: 'LCR/MEL: A VERSATILE SYSTEM FOR HIGH- 
LEVEL EXPRESSION OF HETEROLOGOUS PROTEINS IN ERYTHROID 
CELLS' NUCLEIC ACIDS RESEARCH, vol. 20, no. 5, 11 March 1992 (1992- 
03-1 1), pages 997-1003, XP000602190 ISSN: 0305-1048 cited in the 
application 

Document D1 discloses an erythroid cell (MEL cell) containing and expressing a 
heterologous protein (the neuronal nicotinic acetylcholine receptor alpha334) 
under the control of a globin promoter and the LCR (MEL/LCR system). Said MEL 
cells were induced to differentiate with DMSO. 

D1 further discloses that said MEL/LCR system affords advantages for the 
detection of functional activity of receptors and ion channels. 
In other words, D1 discloses or at least suggests the method according to present 
claims 18-21 (Article 33.2 and 3 PCT). 

The difference between the vectors disclosed in D3 (page 998) and the vector 
according to present claims 22-25 is that the latest comprises a sequence which 
encodes a non-mammalian protein receptor. 

The difference between the vector disclosed in D1 (second part of the document) 
and the vector according to present claims 22-25 is that the latest comprises a 
sequence which encodes a protein receptor which is non-mammalian. 
In view of the advantages of the MEL/LCR system for reproducible, high-level 
expression and stable expression of heterologous proteins of interest (see D1 and 
D3). the skilled person would have used said system for the production of e.g. 
non-mammalian protein receptor. The substitution of the proteins according to D1 
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and D3 with a non-mammalian protein receptor in the MEL7LCR system merely 
consists in an obvious alternative which does not involve an inventive step. 
Therefore, the vector (intermediate product) according to claims 22-25 does not 
fulfil the requirements of Article 33.3 PCT. 

The undifferentiated erythroid cell according to claim 26 is an intermediate cell 
obtained in the MEL7LCR system before induction of differenciation has started. 
Said cell is also not inventive since it is compulsorily obtained in the procedure. 

III) The undifferentiated erythroid cell according to claim 5 is an intermediate cell 
obtained in the MEL/LCR system disclosed in D1 and D3 before induction of 
differenciation has started. Thus, claim 5 lacks novelty (Article 33.2 PCT). 
The method according to claim 7 is also disclosed in D3 (pages 998-999). 

Dependent claims 6, 27-29 do not seem to contain any feature which, in 
combination with the features of the claims to which they refer, meet the require- 
ments of the PCT in respect of inventive step. 

IV) D2, figs. 13 and 14 (see Nl = non-induced) also destroy the novelty of present 
claims 5 and 6. 

V) In the conventional MEL/LCR system, induction of differentiation frequently leads 
to the loss of functionality of the signalling cascades linked to G-protein coupled 
receptors. Thus recombinant MEL cell cannot be used in functional assays with G- 
protein coupled receptors. The present invention is based on the fact that 
undifferentiated erythroid cells (MEL cells for instance) can be used in functional 
assays with G-protein coupled receptors (Ca++, IP3, or cAMP assays) since the 
signalling cascades linked to G-protein coupled receptors are still functional. This 
was neither disclosed nor suggested in the cited prior art. 

Thus, it would seem that the subject-matter of claims 1-4 and 8-17 fulfil the 
requirements of Article 33.2 and 3 PCT. 
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Item VIII. 

1) It is clear from the description that the "heterologous protein" (claim 1) and the 
"receptor protein" (claim 8) should be defined as being a "G-protein coupled 
receptor". This feature is essential to the definition of the invention. 

Since independent claims 1 and 8 do not contain this feature they do not meet the 
requirement following from Article 6 PCT taken in combination with Rule 6.3(a) 
PCT that any independent claim must contain all the technical features essential 
to the definition of the invention. 

2) The term "substantially" used in claims 1 , 5 is vague and unclear and leaves the 
reader in doubt as to the meaning of the technical features to which it refers, 
thereby rendering the definition of the subject-matter of said claims unclear (Ar- 
ticle 6 PCT). 

3) The expressions "thereof" (claims 1 , 5) and "a cell as defined above " (claim 8) are 
unclear (Article 6 PCT). 
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